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Abstract. We studied the radio structure of high-rcdshift {z > 3) quasars 
with VSOP at 1.6 and 5 GHz. These sources are the most distant objects ever 
observed with Space VLBI, at rest-frame frequencies up to ~ 25 GHz. Here 
we give an account of the observations and briefly highhght the most interest- 
ing cases and results. These observations allowed us, among other things, to 
estimate the mass of the central black holes powering these quasars, to identify 
large misalignments between the milli-arcsecond (mas) and sub-mas scale radio 
structures, and to detect apparent superluminal motion at sub-mas scale. 



1. Introduction 

Twenty of the most distant (z > 3) radio quasars have been proposed for Space 
Very Long Baseline Interferometry (SVLBI) observations at e ither 1.6 or 5 GHz 
or bo th in the VLBI Space Observatory Programme rVSOPi lffiTabavash i et al.l 
I2OOOI I. These were the brightest known, with total flux densities higher than ~ 
400 mJy. Our goal was to study the structural properties of high-redshift sources 
at the highest possible resolution at emitted frequencies up to ~ 20 — 25 GHz. 
This allowed us to investigate source compactness, relativistic jet propagation, 
and eventually to estimate physical parameters of the jets and the active nuclei 
feeding them. 



2. VSOP observations 

More than a half of the 44 different experiments proposed could be scheduled 
and successfully observed between 1997 and 2002. The quality of the data 
from individual experiments varied, depending on the length of the observations 
and the (u, v) coverage which was determined by the co-observing ground radio 
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telescope network and the inclination of the satellite orbital plane with respect 
to the radio source direction. 

All the sources successfully targeted were detected and resolved at the 
longest ySQP baselines, with typical correlated flux densities less than ~ 200 mJy 
( Gurvit j 2000l ). The majority of the sources showed compact core-dominated 
radio structures. Our results for individual high-red shift sources have been 
published in a series of papers oyer the past decade (Hirabayashi et al. 19981: 



Gurvits et all '2000*: ' GurvitsI l2 000': 'F revI l2000l: 'Frev e t al.1 l2000l : iLobanov et al 



20011 : iFrev et al..,2002 : lGurvits.2003 : lYang et al...2006 ). 

The highest-redshift object observed with VSOP in this project was the 
quasar 1508+572 (z = 4.30). Given the observing frequency of 5 GHz, this was 
already almost a "millimetre SVLBI" experiment, as far as the wavelength of 
the detected radiation in the rest frame of the source (A ~ 1 cm) is concerned. 
We briefly review some of our major findings below. 



3. Project highlights 



The X-ray absorpti on of the quasar 0014+813 {z = 3.37: lHirabavashi et al.l[T99i : 



iGurvits et al. 2000l ) is known to be higher than the Galactic value. The excess 



absorption is thought to be intrinsic to the quasar. This suggests that we see a 
jet which lies close to the plane of the sky. On the other hand, the prominent 
core-jet structure visible in our SVLBI image indicates highly beamed radio 
emission originating from a jet pointing nearly to the line of sight. This apparent 
contradiction could be resolved if the compact radio structure of this quasar is 
sharply bent at sub-mas angular scales. Other sources with misaligned radio 
jets between mas and 10-mas o r larger scales were also found i n our sam ple, e.g. 



0201+113 (z = 3.61: iFrev et al. 2000\. 1351-018 (z = 3.71: iFrev et al. 200 



and 1354-174 {z = 3.15: iGurvits et al.ll2000l : lFrevll2000l ^. 



Constrained by the lifetime of the satellite, there was only a limited possibil- 
ity for longer-term monitoring observations. However, in the case of 1351—018, 
we could obtain 5-GHz VSOP data in April 1998 and January 2001 as well. The 
extremely high angular resolution of the SVLBI network allowed us to identify 
a jet component within ~ 1 mas from the core and to measure its apparent out- 
ward proper motion as /i = 0.18 ± 0.07 mas/yr. Based on the measurements at 
just two epochs separated by less than 3 years in time, this could be considered 
a tentative detection of apparent superluminal motion of ~ 10c at an extremely 
high redshift. 

With the help of the long SVLBI baselines, it may become possible to re- 
solve the transverse structure of the parsec-scale jets. Since the jet spectra are 
steep, it is particularly important for such a study that a relatively low observing 
frequency (1.6 GHz) was available in VSOP, allowing us to see prominent jet 
structures in some sources even at these high redshifts. The lower angular resolu- 
tion due to the long wavelength is compensated by the long grou nd-space VLB! 



baselines. A stunning example is the quasar 2215+020 {z = 3.57: ILobanov et al 
I2OOII ) with an exceptionally long radio jet at this high redshift that could be 
traced up to 80 mas at 1.6 GHz. Under plausible assumptions on the values 
of magnetic field inside and outside the jet, and using the jet cross-section size 
directly measured by SVLBI, the mass of the central black hole driving the ac- 
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tivity of the quasar can be estimated. For 2215+020, we obtained the value of 
4 X 10^ Mp. Similar co nsiderations could be appli ed for the quasar s 1442+101 
3.52: lGurvitil2003l l and 1402+044 {z = 3.19: lYang et al.ll2006l . and theese 



. 

proceedings), leading to rough mass estimates in the order of ~ 10® — 10^ Mq. 
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